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THE VISCOSITY AND THERMAL CONDUCTIVITY COEFFICIENTS OF DILUTE ARGON
EETWEEN 100 AND 2000 °K FROM THE KTHARA POTENTIAL FUNCTION

H. J. M. Hanley 3/6 /75/

The variation of the force constants of the Lennard-Jones, Exp: 6, and Kihara
potential functions was investigated by comparing the Chapman-Fnskog kinetic theory
expression for the viscosity coefficient with the experimental viscosity of dilute
argon. It was found that this variation was more pronounced than expected. It was
necessary to rationalize the choice of the force constants of each function before
using the function to compare theory with experimental data. Of the three, the Xihera
was found to give the best correlation, and tables of the viscosity and thermal
conductivity coefficients of dilute argon between 100 and 2000°K were computed from
this potential and the Chapman-Enskog equations.

Key Words: Force-constants, Potential functions, ILennard-Jones, Kihara, Exp: 6,
Viscosity, Argon, Correlation, Thermal conductivity, Self-diffusion,
Kinetic theory

1. INTRODUCTION

In this note the Chapman-Enskog kinetic theory expressions for the viscosity, thermal conduc-
tivity, and self-diffusion coefficlents were correlated with experimental data and tables of the two

former properties are presented.

Argon was chosen because it is the simplest molecule to treat theoretically and because of the

relatively large amount of experimental data available. Although, of course, there are numerous discus-

sions on this topic, and there are several tables of argon tramsport properties in the literature [1-5]%,

a really satisfactory treatment of even dilute argon has not been achieved. This is not unexpected in
view of the difficulties of examining any realistic model in a non-equilibrium system. For instance,
not only are there many claims that a particular potential function is to be recommended, but there is

also wide disagreement over the recommended values for the force-constants or parameters for a given
function, such as the Lemnard-Jones, {Table I).

TABLE I
e/k,K g, 2 Ref.
93.3 3.542

119.1 3.491
119.5 3421
128.0 3.398
152 3.305

~N O\ F Wi

Teble I. Parameters for the Lennard-Jones function, {(Eq. 1) selected by various workers.

In view of this rather unsatisfactory situation it was felt that still another examination of
the data was justified. This has turned out to be fruitful in that the potential function was found to
vary in a manner not fully discussed previously [6, 8]. It will also be shown that the correlation
between theory and experimental data is much more affected by the choice of the force-const‘ants than
previously reported. It is hoped that the method given will be suitable for other gases of relatively
simple structure.

* Numbers in brackets refer to references.
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The selection of a function and a choice of "best values" for the corresponding force-constants
was based on an examination of the viscosity coefficient alone. Experimental thermal conductivity and
self-diffusion coefficients are not as extensive nor as reliable as desired, and it is well known
that potential parameters obtained from sources such as the equation of state, often lead to discrep-

ancies when applied to transport phenomena (this point will be briefly commented on in Appendix III).

2. THE POTENTIAL FUNCTIONS

The discussion was restricted to the three most commonly used functions, the Lennard-Jones,
the Exp: 6, and the Kihara. The Kihara, in particular, has received much attention in the literature
recently {3, 9, 10] . As the functions are well known and have been fully discussed [1, 11, 12], it
is only necessary to outline them here. If U(r) is the interaction potential of two molecules

separated by distance r, and € 1is the maximum energy of attraction, or energy minimum, the potentials
are written;

Lennard-Jones

U(x) = be [ (o/e)? - (/) |, (1)

where o 1s the value of r at U(r) = O.

Exp: 6
U(r) = l_-27&_ [ g eOl(l-r/rn) - < b /r >6 ] , (2)

where r, 1s the value of r at the energy minimum and « a parameter which

represents the steepness of the repulsive part of the function.

Kihara

o - ne [ (8227 - (3220 1,05 )

U(r) ==, r <a.

Here the finite size of the molecule is taken into consideration by including
a core diameter, a. (For the Lemnard-Jones, a = 0.)

3. KINETIC THEORY EXPRESSIONS FOR THE TRANSPORT COEFFICIENTS

The kinetic theory for a dilute gas (see Appendix II) is formally complete (1], the Chapman-
Enskog treatment of the Boltzmenn equation giving the transport coefficients in terms of collision
integrals which are functions of the gas dynamics and thus, of the intermolecular potential. It is

the lack of knowledge of the latter which restricts the applicability of the kinetic theory expres-
sions. The expressions used for the calculations are;

Viscosity (n)

1/2
7107 = ———S—h266'93 ur)/ f, & e sec”! (&)

) Q(2,2) (%)




Thermal Conductivity (})

1/z
A7 = 1989.1 (T/M) f. cal e ® sec™t deg?t

Ra 0(2,2) *(T*) i

(5)
= JI—TB % 710" cal cot sec™! deg?t )
Self Diffusion (D)
0.002628 (T?/M)l/ 2 2 -1
D= hig et sec (6)
PR o7 ¥ (¥ b ’

=
]

molecular weight. (M = 39.948 for argon)
R = a distance parameter i.e., R = o for the Lennard-Jones and Xihara, and R = r,
for the Exp: 6.

where:

T

R = the gas constant per mole

pl221 % (7% apg 08D * (%) - the reduced collision integrals (reduced by dividing
by the integrals for the rigid sphere case) at the reduced temperature ‘1‘*,
where T* = P/(e/k) with k the Boltzmann constant.

the absolute temperature, °K

fﬂ’ fy» and fp are terms accounting for higher mathematical approximations to 1, A, and D
*
and are slowly varying funmctions of T  vwhich seldom differ from unity by more than about 0.5%. To be
consistent with the accuracy of the experimental viscosity data at extreme temperatures, they can be

omitted from Egs. 4, 5, and 6 without significant error.

*

Tables of the collision integrals as a function of T for each of the potentials can be
obtained from several sources (e.g., Refs. 1, 3), the numerical values of the integrals depend on the method
of integration but it was verified that the choice of any particular set of tables made no significant

difference tc the results presented here. The tables used were, in fact, taken from Refs. 1, 3, and 11.

Note that Eg. 5 for the thermal conductiviity is only applicable to monatomic gases. For polyatomic
gases a separate ccrrection is necessary for any intermal degree of freedom. The coefficient of selif-
diffusion is an artificial quantity but is included as a further check on the potential and the force

constants chosen.

4. METHOD OF CALCULATION AND RESULTS™

It was first necessary to determine the "best values" for the parameters for each of the
functions. As has been stated, the preliminary calculations require the experimental viscosity
coefficients only. The general method is now outlined.

For all functions, the first step was to substitute experimental values of 1, corresponding
temperatures T, and a sensible value for R into Eg. 4, hence obtaining 0 {2+2)* (7} a5 & function
of T. An interpolation routine next generated T* by interpolating for these 0 ®+2)* (T%) values in
the given set of & (z,2% (‘1‘*) and T* for the function in gquestion. As e/k = T/T*, e/k was then
found as a funetion of T for a particular R. Incidently, these e¢/k versus T curves were very
sensitive to a change In the experimental viscosity coefficient and gave clear indications as to which

sets of experimental data were internally conslstent. (The viscosity coefficients at one atmosphere

* Much of this section is taken from the account in Ref. 13, The material is included for completeness.
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were taken from Refs. 14-21; the same experimental data were used for all three potentials.) The proce-
dure was repeated with several values of R, varying R by about &b overall. It was found that the
shape of the efk versus T* curves indicated the best value of R. After selection of R and e/k

the potentials were compared by examining the deviation curves between theory and experiment.
The details are as follows:

4.1 LENNARD-JONES

The e/k versus T curves for the o's of Table I obtained by following the above procedure
are shown in Fig. 1. The theoretical collision integrals were taken from the tables in Ref. 3.
The "best value” for © was taken to be that associated with the curve with the least variation of
e/k over the widest temperature range allowing for the experimental scatter and interpolation error
(about 1%). Trial and error selected o = 3.41 A A corresponding best value of e/k was about 125°K
from Fig. 1 and this was adjusted to e/k = 124.9°K to obtain agreement between the experimental and
calculated viscosity coefficients at 293°K. 293°K was chosen because the experimental viscosity
coefficient at this temperature has been carefully measured by many workers [e.g., Refs. 16, 18, 20]
with agreement of sbout 0.2%. Using the selected ¢ and e/k, (Table II), a percentage deviation curve
over the temperature range 90 to 1200°K was plotted, Fig. 2. It is to be noted in this figure that

agreement between theory and experiment is substantially better than obtained by previous correlations

[o-47.

TABLE II
Function e/k,°K R,X
L-J 124.9 3.4
Exp: 6 122.9 3.86
Kihara 139.8 3.35

Table II. Best values of the parameters obtained by the method explained in the text.
L.2 EXP: 6

For this function o« had to be selected first. It was initially taken as 12 and curves of
s/k versus T generated around r, = 3.53 using the collision integrals from Ref. 1, 11. When 1,
was varied by about 6%, exactly the same pattern of curves were obtained as for the Lennard-Jones,
Fig. 1. The curve for the best value of r, for o = 12 was selected as above and shown in Fig. 3.
The procedure was repeated for o = 13, 14, 15, 16, and 17 with the same results, and corresponding
curves fbr the best values are plotted in Fig. 3. It is seen that there is virtually no difference in
the curves so & = 14 was chosen to agree with Refs. 1, 11, and 12. Best values of e/k and T,
were thus selected, (Table II) as outlined above and a deviation curve plotted, Fig. 2. The Exp: 6

function does not reproduce the data at high temperatures as well as the Lennard-Jones.

4,3 KIHARA

The variation of the reduced parameter vy (with vy defined as a/c) was first investigated,
letting vy be 0.1, 0.2, 0.3, 0.k, and 0.5 (y = 0 1is equivalent to the Lennard-Jones). The tables from
Ref. 3 were used. It was found that the Lennard-Jones pattern of curves was only observed when v = 0.1
and 0.2; the other values gave different patterns when o was varied, e/k was always high at the lower
temperatures. Typical curves are shown in Fig. 4 and 5. vy was taken as 0.1 [3, 22] and a best value of
¢/k found by fitting to 293°K as before, Table IT. The deviation curve is shown in Fig. 2. It is seen
that the Kihara appears to be slightly better than the Lennard-Jones overall and decidedly superior at
low temperatures.

L




130
X
[
<
~
v
120
lnol— .
100r— o349 4 —
90 | | I
° 200 %00 600 800 1000 1200
TEMPERATURE, °K
e
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The conclusion from the above is that care must be taken to rationalize the choice of R and
e/k when comparing one potential function with another. It is seen that less than a 6 variation in R
will make comparisons over a wide temperature range meaningless, a factor neglected by many authors. It
is shown here that for argon the Lennard-Jones gives a much better correlation with experiment than
before realized and that the Kihara potential is even better. In fact, in the temperature range 100 to
1500°K, the correlation is almost as good as could be obtained from an empirical polynomial fit [23].
The deviations at high and low temperatures have not been satisfactorily explained. It has been
suggested that the experimental viscosity coefficients are too low at the higher temperatures (5, 111.
It will be shown that correlation curves for the thermal conductivity and self-diffusion coefficients
tend to support this. The deviations at the lower temperatures are not likely to be caused by quantum
effects and the reason is still really unsolved (see, however, Ref. 5). Although the Kihara is thus
recommended as the most reallstic function it is clear that, in practice, there is really very little
to choose from among these functions. In fact, the method illustrates the arbitrariness in choosing a

potential function.

5. THERMAL CONDUCTIVITY

The experimental and kinetic theory viscosity coefficients have been shown to be satisfactorily
correlated with the Kihara potential and the parameters given in Table II. The corresponding thermal
conductivity expression, Eq. 5 should be equally applicable for d&ilute argon. This was tested by
plotting the deviation curve of the resulting theoretical coefficient from the experimental coefficient,
Fig. 6 (the experimental vslues, at one atmosphere, were taken from Refs. 2L-32). As is well known the
scatter in these experimental values is large, especially at temperatures outside the range 200 to
600°K. It is seen, however, that the kinetic theory, with the Kihara potential gives an adequate
correlation. Of course, as Eq. 5 was used, the same deviations observed with the viscosity correlation
will be introduced into the thermal conductivity correlation. This is apparent at low temperatures,
but not at high temperatures. The experimental viscosity coefficients at these high temperatures may be
low, but thermal conductivity data are not reliable enough to give any definite conclusions. Thus,
tables of the thermal conductivity coefficients computed with the Kihara are reasonable above 100°K,
although there must be uncertainty above 1200°K:

6. SELF-DIFFUSION

For completeness the self-diffusion coefficient, Eq. 6, was included and a deviation curve
plotted, Fig. 7. The experimental data, taken from Refs. 33-37, are scarce and so the correlation,

although reasonably satisfactory, is not very meaningful.

7. CONCLUSION

The above three deviation plots (Figs. 2, 6, and 7) indicate that the kinetic theory expressions
for the transport coefficients can be used to compute tables for dilute argon, at least to within about
four percent between 100 and 1200°K. Thus, tables of the viscosity and thermal conductivity coefficients
for temperatures from 100 to 2000°K have been computed and are given in Appendix I. It is recognized
that the error in any fitted function tends to increase as the independent variable, temperature in

this case, increases beyond the range of the data.
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9. APPENDIX I
*
THE VISCOSITY AND THERMAL CONDUCTIVITY COEFFICIENTS OF DILUTE ARGON FROM 100 TO 2000°K

The tables were computed from Egs. 4 and 5 using the Kihara collision integrals from Ref. 3

end letting y = 0.1, O = 3.35i, and e/k = 139.8°K.
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VISCOSITY AND THERMAIL CONDUCTIVITY OF GASEQOUS ARGON:*

TEMPERATLHT VISCOSITY THERMAL TEMPERATURE VISCOSITY THERMAL

CONDUCTIVITY CONDUCTIVITY

K G/CM~SEC CAL/CM-SEC-DEG K G/CM=-SEC CAL/CM-SEC-DEG
n x 10° X x10° n %108 % ox 108
500 334.9 6245
910 339.8 6344
520 344.5 6473
L30 34942 6541
540 353.8 6640
550 358,.3 66.8
560 36249 677
570 3674 685
580 371.9 6944
590 37644 70.2
100 R2e5 15.4 600 380.8 7140
110 9046 16.9 610 385, 71.8
120 98,7 1844 620 389,5 7246
130 10648 19,9 630 393.8 73.4
140 114.8 2la4 640 39840 Tée2
150 122.7 22.9 650 402,3 75,0
160 1304 2443 650 40645 7548
170 138.1 25.8 670 41046 T6.6
180 14547 27.2 680 414,8 7744
190 153.1 2846 €90 418,9 78.1
200 1604 29.9 700 42340 78,9
210 1677 31.3 710 42741 797
220 17446 3240 720 4311 80+4
230 1816 3349 730 4351 8le2
240 18845 35.2 740 439,11 8149
250 195,2 36.4 750 443,1 82.6
260 201.8 37.6 760 447,41 83.4
270 2083 3849 770 45140 B4e1
280 214.,7 40,0 780 454,7 84,8
290 220.9 4l.2 790 458,4 85,5
300 2271 4244 600 462.5 w63
310 233.3 43,5 8l0 466,3 87.0
320 239.4 44,6 820 4700 87.7
330 245,2 45,7 830 473,8 88.4
340 251,0 46,8 840 477.6 89.1
350 2567 4749 850 481.3 89.8
360 262,44 48,9 860 485,0 90,5
370 26841 500 870 488.7 9l.2
380 27346 5140 880 49244 91.9
390 27941 521 890 49601 925
400 2R4,5 53.1 400 499,8 93,2
410 289.8 S4.1 410 503.5 93.9
420 2951 5540 920 5071 94,46
430 3004 5660 930 5107 9543
449 30545 5740 940 5144 95.9
450 310.,5 57.9 950 518,0 9646
460 315%.5 58,9 960 521.5 97.3
470 3720.5 59,8 970 525,1 97,9
480 37544 6047 980 528.7 98,6
490 330.3 6l.6 990 532,2 99,3

% Calculated for the dilute gas by the Kihara potential, with v= .1, 07 3,354, ¢/k=139,8°K,
Figure 11 defines temperature and pressure range for the dilute gas,

1k
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VISCOSITY AND THERMAL CONDUCTIVITY OF CASEQOUS ARGON

TEMPERATURE  V1SCGSITY THERMAL TEMPERATURE
CONDUCTIVITY
13 G/CM=SEC CAL/CM-SEC-DEG K
7 x 108 X x 10®
10060 535.6 99,9 1500 #
1010 53940 160.5 1S1lo*
1020 54246 101.2 1520%
1030 beba0 101.8 1530 %
1040 5454 10245 1540 *
1050 552.9 103,1 1550 *
1060 556,3 103,8 1560 *
1670 559,7 104,4 1870 %
1080 563,0 105,0 1580 *
1050 Shb, 4 109.6 1590 %
1100 69,8 10643 1600 %
1110 573,1 106,9 1610 %
1120 576,5 107.5 1620%
1130 575,8 108,1 1630%
1140 583,1 108,8 16407%
1150 FLI YY" 109.4 1650 %
1160 58%e7 110.0 1660 %
1170 93,0 116.6 1670%
1180 596,3 11,2 168p*
1190 5%49,5 111.8 1690 %
1200% 602+8 1124 1700%
1210 60640 113.0 1710*
12201 6092 1136 1720 %
12307 612+4 1142 17302
1240 6155 114+¢8 1740
1250% 618.8 115,.4 1750+
1260% 672.0 116,0 1760 %
1270% 625,2 116,6 177¢%
1280 % 626,3 117,2 1780 *
1290 % 631,4 117,.8 1790 %
13001 53446 118.4 1600 %
1310° 637,7 118,9 1810 *
13207 640.8 119.5 1820 *
1330% 643.9 12041 1430 %
13407% 64740 120.7 1u4Q *
1350% 65041 121.3 1850 %
1360 % 653,2 121.8 1660 *
1370 % 65643 122.4 1670 %
13807 6594 123.0 1880 *
1390 % 662+4 123.6 1890 *
1409 % 665,5 124,1 1900 %
1410 % 668,.5 124,7 1910 *
1420 % 67146 125.3 1%20*
1430 * 67446 125.8 1630 %
1640 % 677.6 12644 1940 %
1450 % 6R0,5 126.9 1950 *
1460 * 683.5 127.5 1960 *
1470 % 68644 128.0 1970 *
l4g0 * 6895 12846 1yg0 *
149y % 692.5 1292 1990 *
2000 *

There is some uncertainty in these values, ses text.
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VISCOSITY

GACM-cEC

7 x 10®

695.4
6984
7013
T04.3

7072

T10.1
713.0
Ti5,9
718.9
121.7

?24‘6
727,5
730.4
733,.3
736.1

73%9.0
T41.8
T46.7T
747.4
75042

7530
755.8
T58+6
7616
7644

T67.2
77040
772.7
775,5
778,3

7810
783.8
78645
789.3
732.0

7947
797 .4
80041
802.8
805.5

808.2
810.8
813.5
8l6.2
8la.s

821.5
8241
B2740
829.7
B32.3

834.9

THERMAL
CONDUCTIVITY

CAL/CM-SEC-DEG

=08

A x 10t

129.7
130.3
130.8

b ]
13144

131.9

132.4
133,90
133,85
134.1
134,.6

135.2
135,7
136.2
136,8
137.23

137.8
13844
138.9
139,64
139.9

1404
14140
1415
14241
142+ 6

143,1
143,6
144,1
144,6
145,2

1457
146,2
164647
147.2
1477

1482
148,7
149,2
1497
150.2

150.7
151.2
151.7
152.2
15247

183,.2
153.7
154.3
154.7
15542

15547




10. APPENDIX II
AN ESTIMATE OF THE EXTENT OF VALIDITY OF THE TRANSPORT PROPERTY TABLES

It is interesting to estimate the experimental conditions for which the tables are valid. These
tables are, of course, only applicable when the gas is dilute, where a dilute gas can be defined as a
gas in which only binary molecular collisions are of consequence: in other words, the gas dynamics and
the intermolecular interactions are completely determined by the collisions and interactions between
pairs of molecules alone. The gas must not be so rarefied, however, that gas-wall collisions are of any
account. Furthermore, the viscosity coefficient, Kq. 4, must be independent of pressure, Thus,
the tables are inapplicable for experimental conditions where Eq. 4 no longer reproduces the
experimental data (to within sbout 0.5% in the temperature range of 100 to 1500°K). Also if Eq. 4
does not reproduce the data the gas cannot be regarded as dilute as defined. Therefore, a straight-
forward procedure could be to compare experimental viscosity coefficients at pressures greater than one
atmosphere with the equivalent theoretical values from Eq. 4 at the corresponding temperatures,

and observe when the percentage deviation becomes appreciable. This was indeed done with the experimen-
tal data from Refs. 1, 1b, 38-40

and pressures.

and percentage deviations calculated for the given temperatures
A qualitative, but simple, way to examine the results was to plot the percentage

deviations versus a reduced mean free path XR‘ As the results were only qualitative, the elementary

kinetic theory expression for the mean free path was used:

R
)\=_——31] em , (7
PV M
vhere R is the gas constant per mole. P the pressure in dynes and V¥ = (8RT/ﬂM)1/2. A was reduced
by dividing by the mean free path of argon at ome atmosphere and at 293°K, (q293o = 2.23 x 107* g em™?
sec™ ). We then obtain:

g = 257 1 (D)Y/2/p (8)

where 1n is the viscosity coefficient at temperature T and pressure P (P now in atmospheres).

Figure 8 shows the plot and it is seen that there is an appreciable rise at XR = 0.07 and percentage

deviation = 1%. It is reasonable to take this point as the extent of validity of Eq. 4 and

as the limit of dilution. Thé limiting value of A was then used (Eq. 7) to comstruct Fig. 9 which

shows an approximate limiting P-T curve above which argon cannot be considered dilute.

A curve for a
2% deviation (Mg =0.05) is also included.

Unfortunately, the experimental work was not carried out

at high temperatures and the higher temperature data available (Ref. 38) do not agree too well with
other workers, Fig. 8.

The above exercise is very qualitative; even for argon there is uncertainty in the values of

force-constants, the experimental data are not as extensive as desired and obviously Eq. 7 is only

approximate. Also, more seriously, one cannot be sure how the failure of the potential function to

exactly reproduce the data, especially at the higher temperatures, is contributing to the rise in the

curve in Fig. 8. However, Fig. 9 is certainly reasonable and it is expected that similar curves would

approximately represent the limit of dilution for sj:n@]_e gases at temperatures and pressures removed
from the critical and boiling regions.
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density curve of 0.025 g e 2.

18



11. APPENDIX III (With A. L. GosmanT)
THE SELECTION OF FORCE CONSTARTS

Force constants, for a particular pctential function, are often determined from as many different
experimental sources as possible [1, 2, 4], but it is well known that constants cbiained in this gemeral
way often lead to anomalous results when they are applied to a single experiment. For example, values
of the constants found from, say, equatlon of state, Joule-Thomson, or crystal structure data, when
applied to the transport coefficients do not always give as good results as the values of the constants
determined from transport data alone. This is to be expected because the potential function is not
exact. The inconsistency has not been discussed quantatively (see, however, Ref. 41).

The above can be illustrated by comparing the curves for the variation of e/k with T for the
Lennard-Jones at several values of o (Fig. 1) with equivalent curves calculated from second virial
coefficients, B(T),

B(T) = by BX(T*)
(9)
by = %ﬂ No®

*%, %
where N = Avagadro's number and B (7 ) 1s the reduced second virial at the reduced temperature T¥*,

(In Ref. 22, ¢/k and b, were found to depend on the temperature but the temperature range was
restricted from 90 to 400°K.)

It was straightforward to find the variation of e/k with T at constant o by following the
viscosity procedure and referring to the reduced second virials in Ref. 1. The experimental data are
given in Ref. 22. The resulting curves are shown in Fig. 10. When compared to Fig. 1 over a similar
temperature range it is seen that the pattern is different and that the second virial does not appear
to be as sensitive to a change in o as the viscosity coefficient. A "best value" for e¢/k in the
90 to LOO°K temperature range is approximetely e¢/k = 119°K. Thus, according to Figs. 1 and 10 it would
be best not to interchange the values of the parameters. BHowever, it is instructive to see if a less

sensitive relation exists between T and B(T). T and B(T) can be related if a common ¢/k exists
because from Eqs. 4 and 9,

1/0+2) % (1%) - 5(BX(TY) . (10)

From the experimental data one can calculate,

1/0(2.2) * (%) = Toxp %_;% (m)l/e (11)
and
BYT*) =B .yp / % We . (12)

This has been done for three values of ¢ and the results drawn as points in Fig. 11. The full curve
in Fig. 11 represents Eq. 10 constructed from the theoretical tables in Refs. 1 and 3. The sources of
the viscosity coefficient experimental data are given in Section 4 and the second virial in Ref. 22.

It is seen that when © = 3.)4211, agreement between theory and experiment is excellent and thus it would
appear that a consistent pair of values for ¢/k and o© would result from independent examination of

both viscosity and second virial experimental data, but clearly, this latter method is not as semsitive
as the former.

t Present address: Department of Mechanical Engineering, Wayne State University, Detroit, Michigan.
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